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Abstract 
Electrification level is a significant topic in energy and electric power planning. The paper sets up a LEAP model and 
designs three scenarios of economic growth of China, and simulates China’s electrification level by 2030. The results 
show that China’s electrification level has a larger increase potential in the mid-long term and rapid change of 
economic development pattern can help to increase the electrification level. By 2015, energy used for power 
generation will account for 43.3% of total primary energy consumption, while the ratio of electricity consumption to 
total final energy consumption will be about 23.1%; by 2020, the ratio of energy used for power generation to total 
primary energy consumption will increase to 44.9%, and the ratio of electricity consumption to final energy 
consumption will be about 25.6%; by 2030, the ratio of energy used for power generation to total primary energy 
consumption will be up to 47.2%, and the ratio of electricity consumption to total final energy consumption will 
reach about 28.9%. 
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1. Introduction 
Electrification level is a significant topic in energy and electric power planning, which is usually 
expressed by two indexes, including the ratio of energy used for power generation to total primary energy 
consumption and the ratio of electricity consumption to total final energy consumption. Some researches 
have shown that the rise of electrification level has the advantages of increasing energy efficiency and 
protecting environment[1]. 
In 2009, the ratio of energy used for power generation to total primary energy consumption was about 
39% and the ratio of electricity consumption to total final energy consumption was about 19.6% in China, 
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that were lower than USA and Japan in 2008, the energy efficiency was lower than the developed 
countries too[2]. In the next 20 years, China will be facing great pressure on energy and environment, it is 
of great significance for energy and electric power planning, energy saving and reducing emissions to 
study China’s electrification level during this period.  
2. Research method 
The scenario analysis method [3] is used in the paper. Firstly, economic growth is simulated through a 
CGE model [4-6]; then a LEAP model [7-10] is build to simulate demands for energy and electricity; finally, 
according to the results of LEAP model, the electrification level is calculated. There is a soft connection 
between CGE and LEAP [11-12].   
The CGE model is dynamic, which contains seven modules, including production module, income 
module, final demand module, price module, trade module, macro-closure module and dynamic module, 
the detail equations of the model refers to literature [4-5]. A social accounting matrix is made based on 
China’s 2007 Input-output table, which is database of CGE model.  
The LEAP model contains two modules, one is final energy demand module the other is energy 
transformation module. The final energy demand module can calculate final energy demand of each 
sector according to the sectoral economic activities and energy intensity; the energy transformation 
module can calculate transformation and transmission losses of energy according to the final energy 
demand by type and calculate the energy used for power generation and heating supply.   
Regarding the attainability of the energy data, the sectors are merged into 15 sectors in LEAP model, 
including agriculture, mining, manufacture of textile, smelting and pressing of ferrous metals, smelting 
and pressing of non-ferrous metals, manufacture of non-metallic mineral products, manufacture of 
chemical materials and chemical products, manufacture of paper, other manufacture, production and 
supply of electric power and heat power, construction, transport and storage, commerce, other services, 
household living. The initial year is 2007. 
The forecasting years are represented with set T, the sectors are represented with set I, the final energy 
consumptions by type are represented with set J, the generation plant types are represented with set P. 
T={2010,2015,2020,2030}, I={agriculture, mining, manufacture of textile, …, other services, household 
living}, J={coal, oil, natural gas, electricity, heat, hydro-power, nuclear power, wind power, others}, 
P={coal-fired unit, oil-fired unit, gas-fired unit, hydro-electric unit, nuclear unit, wind power unit, others}. 
Firstly, we calculate final energy consumption according to economic activities of each sector that are 
the results of CGE model. Equation (1) determines final demand for energy type “j” of sector “i” in the 
year “t”, FCt,i,j. Equation (2) determines total final demand for energy type “j” in the year “t”, TFCt,j. 
Equation (3) determines total final demand for all energy in the year “t”, TFCt. 
 
JjIiTtEIAFC jititjit ∈∈∈×= ，，，,,,,,                                                                                          (1) 
JjTtFCTFC
i
jitjt ∈∈=∑ ，，,,,                                                                                                      (2) 
TtTFCTTFC
j
jtt ∈=∑ ，,                                                                                                                (3) 
Where, At,i is economic activity level of sector “i” in the year “t”; EIt,i,j is the energy intensity for 
energy type “j” of sector “i” in the year “t”. 
Secondly, we calculate the losses of transformation and transmission according to final demand by 
type (losses for power generation and heating supply will be described later). The transformation losses 
contain five types which are represented with set K, K={coal washing, coking, gas works, briquettes, 
petroleum refineries}. The equation (4) determines the transmission loss of energy type “j” in the year “t”, 
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LTt,j. The equation (5) determines the transformation loss of energy type “j” used for transformation type 
“k” in the year “t”, LPt,k,j. 
 
JjTtTFCLT jtjtjt ∈∈×= ，，,,, α                                                                                                       (4) 
JjKkTtTFCLP jtjktjkt ∈∈∈×= ，，，,,,,, β                                                                                      (5) 
Where, αt,j is the ratio of transmission loss to the final energy demand of the energy type “j” in the year 
“t”; βt,k,j is the ratio of transformation loss to the final energy demand of the energy type “j” used for 
transformation type “k” in the year “t”.   
Thirdly, we calculate total electricity demand, total heat demand, total electricity generation, total 
energy used for heating supply, and each type of energy used for power generation and heating supply. 
Equation (6) determines the total demand for electricity in the year “t”, TELEDt. Equation (7) determines 
total electricity generation in the year “t”, TELEPt. Equation (8) determines electricity generation of plant 
type “p” in the year “t”, ELEPt,p. Equation (9) determines the demand for energy type “j” used for plant 
type “p” in the year “t”, EDPt,p,j. Equation (11) determines the total demand for heat in the year “t”, 
HEATDt. Equation (12) determines the total demand for energy used for heating supply in the year “t”, 
TEDHEATt. Equation (13) determines the demand for energy type “j” used for heating supply in the year 
“t”, EDHEATt,j. 
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Were, δ is electric equivalent coefficient, χt is a conversion factor between TELEDt and TELEPt, Ct,p is 
the capacity of plant type “p” in the year “t”, Ht,p is the average power generation equipment utilization 
hours of plant type “p” in the year “t”, εt,j is a conversion factor between EDPt,p,j and ELEPt,p that is 
generally replaced by coal consumption per kilowatt-hour of electricity generation, �t is a conversion 
factor between HEATDt and TEDHEATt, φt,j is the ratio of EDHEATt,j to TEDHEATt. 
Fourthly, we calculate total demand for primary energy. Equation (14) determines demand for energy 
type “j” in the year “t”, PEDt,j. Equation (15) determines demand for total primary energy in the year “t”, 
TPEDt. 
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jptjktjtjtjt EDHEATEDPLPLTFTCPED ,,,,,,,, ++++= ∑ ∑                                                                (14) 
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j
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Finally, two indexes representing electrification level can be calculated. Equation (16) determines the 
ratio of electricity consumption to total final energy consumption in the year “t”, R1t. Equation (17) 
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determines the ratio of energy used for power generation to total primary energy consumption in the year 
“t”, R2t. 
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3. Scenario design and parameter settings 
Though great development has been made after 30 years of reform and opening up, China is still 
facing some problems, the basic reason is to change the pattern of development is too slow. In the future, 
China will step up efforts to change the pattern of economic development, promote reform process, 
improve energy efficiency, and strength environmental protection and so on. So three scenarios are 
designed, including scenario of baseline (Scenario A), scenario of rapid change of development pattern 
(Scenario B), scenario of slow change of development pattern (Scenario C). The detail describes about 
these three scenarios may refer to literature [13]; table 1 shows some key parameter settings. 
Table 1. Scenario design and some parameter settings 
Scenario Parameter settings 
Scenario A 
Tax rates and the proportion of transfer payments remain unchanged.  
Urbanization rate remains an average increase of 1 percentage point per year during 2010 to 2020 and an 
average increase of 0.7 percentage points per year during 2020 to 2030.  
Total factor productivity (TFP) increases by 2% during 2010 to 2030. 
The economic growth rate of the world remains 3% per year during 2010 to 2030. 
Scenario B 
Government increases the proportion of payment on education, medical and scientific research.  
Urbanization rate increases by 0.1 to 0.2 percent points than Scenario A, speed up the transfer of rural labor.    
Government increases the proportion of payments for poor peoples by 10% to 15% than scenario A. 
Lower the tax rate of service sector by 5 to 10 percentage than Scenario A. 
The economic growth rate of the world remains 3% per year during 2010 to 2030. 
Scenario C 
Urbanization rate is lower than scenario A by 0.1 to 0.15 percentage points per year. 
The economic growth rate of the world remains 2.7% per year during 2010 to 2030. 
Technological innovation is slower; TFP is lower than scenario A by 0.4 percentage points.    
4. Electrification level by 2030 in China 
4.1. overall electrification level 
In scenario A, the electrification level will increase gradually in China. The ratio of energy used for 
power generation to total primary energy consumption will be 44.3% by 2020 and 46.3% by 2030 in 
China. From 2010 to 2020, it will increase by 4.3 percentage points, after 2020, because of the lower 
speed of demand for electricity and energy, and the increase of power generation efficiency, it will 
increase slowly, from 2020 to 2030, it will increase by 2 percentage points. The ratio of electricity 
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consumption to total final energy consumption will be 25.1% by 2020 and 28.2% by 2030 in China; the 
rise is also greater from 2010 to 2020 and smaller in 2020 to 2030.  
In scenario B, the ratio of energy used for power generation to total primary energy consumption will 
be 44.9% by 2020 and 47.2% by 2030, and the ratio of electricity consumption to total final energy 
consumption will be 25.6% by 2020 and 28.9% by 2030 in China. The electrification level in scenario B 
is higher than scenario A, the main reason is that China speeds up the development of commerce and 
other services, and non-fossil energy in scenario B. 
In scenario C, the ratio of energy used for power generation to total primary energy consumption will 
be 43.6% by 2020 and 45.6% by 2030, and the ratio of electricity consumption to total final energy 
consumption will be 24.5% by 2020 and 27.6% by 2030 in China. The electrification level in scenario C 
is lower than the other two scenarios. 
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Fig. 1. (a) the ratio of energy used for power generation to total primary energy consumption; (b) the ratio of electricity consumption 
to total final energy consumption 
4.2. Electrification level by sector 
Due to space limitation restrict, only the results by sector in scenario B is described in this section, 
which are shown in table 2 (in this section, electrification level by sector refers to the ratio of electricity 
consumption to total final energy consumption by sector) . 
Table 2. Electrification level by sector 
Sectors 2010 (%) 2015 (%) 2020 (%) 2030 (%) 
Agriculture 28.0  34.0  37.0  43.0  
Industry 20.9  24.1  26.3  30.2  
Construction 11.0  14.0  18.0  21.0  
Transport and storage 3.4  4.5  6.0  7.0  
Commerce and other services 32.6  40.1  45.8  50.0  
Household living 24.4  28.7  32.6  38.8  
 
    In scenario B, the electrification level of commerce and other services sector is the highest, followed by 
agriculture, household living is in the third place, industry is higher than the national average, which is 
26.3% by 2020 and 30.2% by 2030, construction is lower than he national average, and transport and 
storage sector is much lower than the other sectors, which will be only 7% by 2030. 
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5. Conclusion 
The electrification level has a larger increase potential in the mid-long term in China. In scenario B, 
the ratio of energy used for power generation to total primary energy consumption will be 44.9% by 2020 
and 47.2% by 2030, and the ratio of electricity consumption to total final energy consumption will be 
25.6% by 2020 and 28.9% by 2030 in China. 
Rapid change of economic development pattern will help increase the electrification level in China. In 
scenario B, the ratio of energy used for power generation to primary energy will be higher than scenario 
A by 1.6 percentage points, and the ratio of electricity consumption to total final energy consumption will 
be higher than scenario A by 1.3 percentage points by 2030, the main reason is that China speeds up the 
development of commerce and other services, and non-fossil energy in scenario B. 
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